In the first two years of study, method of cultivation did not affect the emergence of cucumber seedlings. In the third year, a drought occurring during the spring was the cause of poor seedling emergence on no-tilled plots. Six weeks after seed sowing, the shoots of cucumbers grown on the no-tilled plots were much shorter, especially in the last study year. At the time of cucumber seed sowing, no-tilled soil contained less phosphorus and potassium and in the middle of the fructification period the content of these elements in cucumber leaves was higher under no-tillage cultivation. Additional spring fertilization of rye with ammonium nitrate resulted in a higher N-NO 3 content in soil and later in a higher nitrogen content of cucumber leaves. The content of calcium and magnesium in soil and than in cucumber leaves was independent of the cultivation method. In the first two years, method of cultivation did not affect the yield of cucumber fruits and in the third year the yield was much lower under no-tillage because of poor seedling emergence. Moreover, in the third year the fruits were smaller and dry matter content of the fruit was significantly higer under no-tillage cultivation.
INTRODUCTION
No-tillage cultivation with cover crops is the most effective technique for halting soil erosion and making food production truly sustainable. Other advantages are as follows: reduction of fuel consumption and nitrate leaching, preservation of soil structure, earthworms and other soil fauna, improved aeration and internal drainage (B a k e r et al. 1996; H o f fm a n and R e g n i e r , 2006; S a i n j u and S i n g h , 1997; W y l a n d et al. 1996 ; Z a n d s t r a et al. 1998). Moreover, cover crops can be useful in the control of weeds, plant diseases and insects (B o In dependence on environmental circumstances, cultivated plants differ in their reaction to no-tillage (B a k e r et al. 1996) . In Poland, cucumber is one of the most important vegetable species (K n a f l e w sk i , 2007) and rye is a valuable winter hard cover crop adapted well to the country's natural conditions (J el o n k i e w i c z and B o r o w y , 2005). In an experiment carried out by B e s t e (1973) in the northeastern United States, cucumbers sown directly into a killed rye mulch produced yield lower than in conventional tillage. In studies of Z a n d s t r a et al. (1998) , rye as a cover crop provided protection from wind erosion but caused some cucumber yield reduction under adverse growing conditions. The aim of this experiment was to study the effect of no-tillage and rye as a cover crop on growth and yield of cucumbers cultivated in southeastern Poland and also on content of several components in cucumber leaves and fruits.
MATERIALS AND METHODS
The studies were conducted in the Felin Experimental Farm on loess-like soil containing 1.6% of organic matter and with a pH of 6.5. The experiment was repeated three times in the years 1997-1998, 1998-1999 and 1999-2000 with ammonium nitrate 50 kg N × ha -1 and on May 7-8 it was sprayed with glyphosate (N-phosphonometyl) glicyne) at 1440 g ai × ha -1 plus adjuvant. At that time, rye was 70-90 cm tall and at the pre-anthesis stage of growth. Ten days later the desiccated rye was rolled flat and left on the soil surface. Then the samples were taken from the 1-20 cm soil layer with the aim to determine the content of mineral elements (Tab. 1).
Between May 17 and May 19, cucumbers (Cucumis sativus L.) 'Aladyn F 1 ' were sown on the half of the field covered with rye mulch and also on the second half of the field, tilled conventionally 15 cm deep with a rotary cultivator. The seeds were sown by hand in four 2 cm deep and 6 m long lines with inter-row spacing of 1.5 m. The seeding rate was 2.0 kg × ha -1 . One line was considered as one replicate of 9.0 m 2 area. Top dressing with nitrogen at 50 kg N × ha -1 (calcium nitrate) was effected 5 and 9 weeks after seeding. Emerged seedlings were counted 3 weeks after seeding and then 3 weeks later the shoot length of all plants was measured. Harvesting of fruits was carried out every 3-4 days. At harvest, total and marketable yields as well as weight, length and diameter of 20 marketable fruits were measured. In the middle of the cucumber's fructification (beginning of August), samples of young, fully developed leaves were collected, dried and then the content of total nitrogen (distillation method), phosphorus (colorimetric method), potassium (flame photometry), calcium (flame photometry) and magnesium (atomic absorption spectrometry) in the leaves was determined. At the same time, the content of dry matter in cucumber fruits (oven dry method) was also measured. The plots were weeded twice: 3 and 7 weeks after seeding and weed infestation was described in a separate paper (J e l o n k i e w i c z and B o r o w y , 2005). The obtained results were studied by analysis of variance and the significance of differences was determined using Tukey's test at 0.05 probability level.
RESULTS AND DISCUSSION
Method of cultivation did not affect the emergence of cucumber seedlings in 1998 and 1999, but it had a negative influence in the last year of study (Tab. 2). In May 2000, air temperatures were much higher than usual, with almost no precipitation. Moreover, on the no-tilled plots the rye plants depleted the soil of the rest of water. In these conditions, the seeding and then the seedling emergence were much more difficult than under conventional tillage. Similarly, L i e b l et al. (1992) observed soil water depletion caused by rye killed at soybean planting during dry periods.
Six weeks after seed sowing, the length of cucumber shoots grown on the no-tilled plots was only about half of that under conventional cultivation. It was also dependent on the year and on the interaction between years and method of cultivation. The shortest shoots were developed by plants grown on the no-tilled plots in the dry year 2000 (Tab. 2). In Poland in the spring, the temperature of no-tilled soil covered with rye mulch can be up to 5 0 C lower than under conventional cultivation (B o r o w y et al. 2000) and cucumber is a warm weather vegetable with roots sensitive to cold (P u d e l s k i , 1993).
Rye, as a high carbon-to-nitrogen ratio cover crop, was fertilized additionally with ammonium nitrate at the beginning of spring and this resulted in a higher content of nitrogen N-NO 3 in the soil during the seeding of cucumber seeds (Tab. 1) and then a higher nitrogen content in cucumber leaves in the middle of the fructification period (Tab. 3). The rye Table 3 Content of nitrogen, phosphorus, potassium, calcium and magnesium in cucumber leaves (% of dry matter) in dependence on method of cultivation in 1998-2000. Table 4 Fresh weight, length and diameter of cucumber fruit and content of dry matter in the fruit in dependence on cultivation method in 1998-2000.
Year Fresh weight (g)
Length ( Table 5 Effect of soil cultivation method on total and marketable yield of cucumber fruits (kg × plants absorbed a part of phosphorus and potassium from the soil and therefore their content was lower on the no-tilled plots (Tab. 1). In the middle of August, the majority of rye mulch was already decomposed (B o r o w y and J e l o n k i e w i c z , 2005) and served as a kind of organic fertilization. This could be at least a partial explanation for the higher content of phosphorus and potassium in cucumber leaves under no-tillage cultivation at this time (Tab. 3). The content of calcium and magnesium in the soil and then in cucumber leaves was independent of the cultivation method. The content of all the studied mineral elements in cucumber leaves was at a satisfactory level (N o w o s i e l s k i , 1988) and depended mainly on the year of study. There was also a significant interaction between the content of nitrogen, potassium and magnesium and the year of study (Tab. 3) . In an experiment conducted by K n av e l et al. (1977) , the nitrogen content of cucumber leaves was lower at one and higher at six sampling dates under no-tillage cultivation with bluegrass or winter wheat as a cover crop. Fruit harvesting started in the second or the third decade of July and was completed till the end of August -middle of September. In 1999 there was a tendency for slower fruit growing under no-tillage cultivation and in 2000 first fruit harvesting on the no-tilled plots was carried out 4 days later than on the conventionally tilled plots (Fig. 1) . This tendency was also observed in notillage cultivation of other warm weather vegetables: Method of cultivation did not affect fresh weight, length, diameter or dry matter content of cucumber fruits. Only in the year 2000, the fruits were smaller and dry matter content of the fruit was significantly higher under no-tillage cultivation (Tab. 4).
Method of cultivation did not affect the yield of cucumber fruits in 1998 and 1999. However, in the last year of study, the yield harvested on the no-tilled plots was much lower because of poor seed emergence in this treatment. This agrees with the statement of Z a n d s t r a et al. (1998) that under adverse growing conditions the yield of cucumber fruits harvested in no-tillage with rye as a cover crop can be lower than in conventional cultivation. The share of marketable yield in total yield ranged from 76% to 83% and was independent of the cultivation method (Tab. 5).
CONCLUSIONS
1. Spring drought caused poor emergence of cucumber seedlings under no-tillage cultivation with rye as a cover crop.
2. The initial growth of cucumber plants was slower on the no-tilled plots covered with rye mulch. 3. The content of calcium and magnesium in soil at the beginning of cultivation and in cucumber leaves in the middle of the fructification period was independent of, and the content of nitrogen, phosphorus and potassium was dependent on the cultivation method. 4. Under normal weather conditions, method of cultivation did not affect the yield or weight, length, diameter and dry matter content of cucumber fruits. Under dry weather, the yield of cucumber fruits harvested on the no-tilled plots was lower, the fruits were smaller and the dry matter content of fruit was higher. 5. The share of marketable yield was independent of the cultivation method.
